Summary. The present study was performed to understand the regeneration of the intralobular duct and acinus of partially injured salivary glands. Sections of rat submandibular glands irradiated with YAG laser were investigated histologically, and the proliferative activity of regenerating tissue was also investigated immunohistochemically with anti 5-bromo-2'-deoxyuridine (BrdU) monoclonal antibody.
Many experimental studies have investigated the regenerative process of salivary glands, as this process is both important and interesting from a clinical aspect. Two types of methods have been used to injure the salivary gland: one injures the whole salivary gland, and the other injures it partially or locally. The former type involves, for example, duct ligation (STANDISH and SHAFER, 1957; BHASKER et al., 1966; TAMARIN, 1971a, b; SATO,1981; KURENUMA,1989; OzONO et al., 1989) and X-ray irradiation (CHOMETTE et al., 1981; SAITOH, 1992) ; the latter procedure involves surgical extirpation (HANKS and CHAUDHRY, 1971; YAMANE, 1974; MORIMURA, 1988) , laser irradiation (TAKAHASHI, 1993) and other techniques (HAYAKUMO, 1982) .
Ligation of duct injured whole salivary glands and tissue regeneration proved difficult until the duct ligation was removed (STANDISH and SHAFER,1957) . After release of the duct ligation, the duct-like structures or degranulated atrophic acinar cells which appeared at rest recovered theer original shapes (BHASKER et al., 1966; TAMARIN,1971a, b; SATO,1981) . In the case of a partially injured gland, new glandular tissue formed from the remaining viable tissue (HANKS and CHAUDHRY, 1971; YAMANE,1974; MORIMURA,1988; TAKAHASHI,1993) , making the partially injured salivary gland more favorable for observing the regenerative process.
To understand this process, it is important to examine newly proliferating cells in salivary glands. Autoradiography of 3H-thymidine is known to detect DNA synthesizing cells (S-phase), but this method has some disadvantages, among which are that special installations for RI is required, the technique is complex and tissue preparation takes considerable time. Recently, anti 5-bromo-2'-deoxyuridine (BrdU) monoclonal antibodies have been developed (GRATZNER, 1982) . BrdU, which has been clinically used to enhance radiosensitivity in radiation therapy (HOSHINO and SANG, 1969) , are pyrimidine analogues of thymidine and are incorporated into DNA synthesizing cells. We therefore used anti BrdU monoclonal antibodies as a simpler and quicker method to detect DNA synthesis in cells.
Some investigators have reported the proliferative activity of salivary glands during the regeneration process using autoradiography (KURENUMA,1989 ) and anti BrdU monoclonal antibodies (OzoNO et a!.,1989) , and observed it in completely injured salivary glands. However, how the glandular tissue regenerates after partial or local injury as well as the method of cellular proliferation in them remain unclear.
In this study, YAG laser irradiation was used to injure the salivary gland, because partial injury can be done more precisely in similar conditions with YAG laser irradiation than with partial extirpation. The purpose of the present study was to examine the cellular proliferation with anti BrdU monoclonal antibodies, and to clarify the regenerative process of salivary glands after localized injury.
MATERIALS AND METHODS

YAG laser irradiation
Fourty-five male Wistar rats 7 to 8 weeks old were used in the experiment. Both submandibular glands were surgically exposed under general anesthesia with ether. The central area of the right gland was irradiated with a YAG laser and the skin wound was sutured. The conditions of the irradiation were: wavelength, 1.06,um; continuous wave; wattage, 30 W; time, 1 sec; diameter, 2 mm. After the operation, animals were sacrificed daily up to ten days, and at twelve, fourteen, twenty-one, and twenty-eight days.
Morphological studies
For light microscopic studies, the right submandibular glands were clearly dissected out from the surrounding tissue and immersed in 10% neutral buffered formalin solution for one day for fixation. Specimens were then embedded in paraffin, sectioned serially at 4,um and stained with hematoxylin and eosin, periodic acidSchiff reaction (PAS), or silver impregnation.
Immunohistochemical studies For immunohistochemical studies, animals were administered 25 mg/kg body weight of 5-bromo-2'-deoxyuridine (BrdU) by intraperitoneal injection, one hour before sacrifice. The paraffin sections were obtained in the same way as described above. Deparaffinized sections were treated with 0.05 M Tris-HCl buffer containing 0.1% tripsin and later with 3N HCl for denaturation of the DNA double strand. After rinsing with PBS buffer, sections were reacted with anti-BrdU monoclonal antibodies (Becton-Dickinson). Following this, they were incubated with biotinylated anti-mouse rabbit polyclonal antibodies (original) and immersed in avidin-biotin peroxidase complex (Vector). Finally, sections were placed in 3,3'-diaminobenzidine (DAB) and counter-stained with hematoxylin. After immunohistochemical staining, BrdU positive cells were counted and the labeling index of BrdU incorporation was calculated.
RESULTS
The irradiated area exhibited necrosis one day after irradiation, and the border between the necrotic region and the remaining lobule was clear (Fig. 1) . The remaining lobule appeared intact but as slightly edematous glandular tissue.
Granulation tissue began to increase between the necrotic tissue and remaining lobule 2-3 days after irradiation. At the same time, duct-like structures were observed in the granulation tissue at the periphery of the remaining lobule (Fig. 2) . These duct-like structures were thin and resembled intercalated or striated ducts in size. However, typical intercalated or striated duct-like structures were not observed in this region. BrdU-positive cells were identified in these duct-like structures (Fig. 3 ) and the labeling index of BrdU incorporation in the duct-like structure increased daily.
At 4-6 days, the duct-like structures were found together with epithelial clusters composed of squamous cells. These epithelial clusters were present in the granulation tissue adjacent to the necrosis area, and the duct-like structures were situated between the epithelial clusters and the remaining lobule (Fig. 4) . Serial sections revealed that the epithelial clusters were continuous with the duct-like structures and formed the terminal portion. In some duct-like structures, leukocytes or lymphocytes were infiltrated in the dilated luminal space. The epithelial clusters extended branches into the granulation tissue and formed an arborescent structure (Fig. 5) . Mitotic figures and BrdU-positive cells could be seen both in the epithelial clusters and duct-like structures (Fig. 6 ).
Many duct-like structures were found composed or cuboidal or low columnar cells with round nuclei at 7-9 days after irradiation.
At relatively large (Fig. 7) . Secretory granules in some immature acinar cells were more PAS reactive than in mature acinar cells. Some immature acinar cells also incorporated BrdU, particular at the periphery of the regenerating lobule (Fig. 8) .
After 10-21 days, epithelial clusters could not identified. Duct-like structures and immature acini were found only at the periphery of the regenerating lobule. The number of duct-like structures gradually decreased, but mature acinar cells, histologically similar to intact acinar cells, were observed at the terminal portion in addition to immature acinar cells. At this stage, it was difficult to distinguish the regenerated region from the remaining lobule. Few BrdU-positive cells were identified in either duct-like structures or acini.
After 28 days, regeneration and maturation of the lobule was still progressing, and the border between the regenerated and original areas was unclear. The regenerated area of the lobule mainly consisted of a mature intra-lobular duct and acinus, but some immature acinar cells still could be observed (Fig. 9) . In this phase, there were few BrdU-positive cells within immature acinar cells, and the incorporation of BrdU into intra-lobular duct cells and mature acinar cells was much rarer (Fig. 10) .
A labeling index of BrdU incorporation in duct-like structures including epithelial clusters and immature acini is shown in Figure 11 . The BrdU positive cells in duct-like structures first appeared at 2 days after irradiation.
From that period, the labeling index increased sharply and reached a maximum of 7.6% at 5 days after irradiation, and then decreased sharply for three days. In immature acini, BrdU-positive cells appeared at 7 days after irradiation, displaying a peak of 9.3% on this day, after which the labeling index gradually declined.
DISCUSSION
In the present experiment, cellular proliferation of the salivary glands after YAG laser irradiation was studied immunohistochemically.
BrdU-positive cells were characteristically observed in three types of structures; a duct-like structure, epithelial cluster, and immature acinus.
From the histological and immunohistochemical results, the present study clearly clarified the regenerative process of salivary glands (Fig. 12) . First, after YAG laser irradiation, the irradiated area became necrosed and granulation tissue gradually formed around the necrotic tissue. Epithelial cells proliferated from the adjacent viable ducts and formed ductlike structures. Second, epithelial clusters proliferated from the terminal portion of duct-like structures and penetrated into the granulation tissue, where epithelial clusters transformed into duct-like structures. Third, the immature acinus differentiated from the terminal portion of duct-like structures and proliferated by itself.
Many investigators have observed the duct-like sructure during the regenerative process of salivary glands, and speculated on its origin. In partial extirpation injury of the salivary gland, it has been held that the duct-like structure originated from the striated duct (HANKS and CHAUDHRY, 1971) , and the striated or excretory duct (MORIMURA,1988) . In duct ligation, it has been thought to originate from the intercalated duct (KURENUMA,1989) . In this study, ductlike structures with BrdU-positive cells were observed at the peripheral regions of remaining lobules, and were connected with the duct in the remaining lobule. Our observations suggest that these structures originate from adjacent surviving ducts. However, we could not clearly identify which type of duct regenerated into duct-like structures, because these showed no characteristic structure of any typical duct. Further studies will be required to recognize which duct diffirentiates into the duct-like structure.
As the regeneration progressed, epithelial clusters without any ductal space were observed. These structures resembled squamous metaplasia with occasional keratinization described by HANKS and CHAUDHRY (1971) , YAMANE (1974), and MORIMURA (1988) . However, it is unclear how epithelial clusters act during the regenerative process. In this study, epithelial clusters with BrdU-positive cells and mitotic figures were found continuous to the duct-like structures. This suggests that epithelial clusters originate from duct-like structures and might then proliferate into the granulation tissue. SATO (1981) , describing the regeneration of rabbit parotid glands after releasing the ligature of the duct, reported that no epithelial clusters were observed in the regenerative process. Varying results in our study may be due to the different technical methods, and the regenerative process of the completely injured salivary gland may differ from that of the partially injured gland, as in the present study.
In the present study, immature acinar cells appeared after duct-like structures proliferated. OzoNo et al. (1989) used duct ligation for injuring glands, and reported that the recovery of the acini resulted from the increase in the size of each remnant acinar cells followed by cell division. In this report, the immature acinar cells, seen in the terminal portion, were continous to duct-like structure. BrdU-positive reactions were also observed in immature acinar cells, especially at the peripheral regions of regenerating lobule. From these observations, it may be that immature acinar cells differentiate from the terminal portion of duct-like structures and proliferate before their maturation. This finding was in contrast to the report of OzoNo et al. (1989) . The difference between their results and ours may be due to the divergent methods of injury used, namely, variation between the recovery of the resting remnant acinar cell and regeneration of newly formed acinar cell. A comparison of the regeneration process with the normal developmental process shows that the development of the rodent submandibular gland is complicated. Undifferentiated epithelial cords without ductal space extend into mesenchymal tissue 16 days after gestation and then become ducts (Tsuji, 1984) . Around the perinatal period, the terminal portion of the duct is transformed into the terminal tubule with a small luminal space. Three types of cells in the terminal tubule can be seen: terminal tubule cells (JACOBY and LEESON,1959; LEESON and JACOBY,1959) , proacinar cells, and acinar cells (YAMASHINA and BARKA,1972) . The relation or developmental sequence for the three types of cells is not clear, and several hypotheses have been discussed (JACOBY and LEESON, 1959; LEESON and JACOBY,1959; DvoRAK,1969; Y0HR0, 1970; STRUM, 1971; YAMASHINA and BARKA, 1972; CHANG, 1974; ALVARES and SESSO, 1975) . During the transformation, the three types of cells proliferate mitotically and incorporation of 3H-thymidine has been reported for all (CHANG, 1974; ALVARES and SEsso, 1975) .
In the regeneration process, the duct-like structure was formed from the surviving intralobular duct. Later, epithelial cells at the end of the duct-like structure proliferated and formed an epithelial cluster. These epithelial clusters grew rapidly and branched out into granulation tissue, and soon aquired ductal spaces. This transformation appeared similar to the developmental process where undifferentiated epithelial cords without ductal space grew in the mesenchymal tissue. These changes in the duct-system might contribute to a speedy penetration of the area for regeneration or development. Epithelial clusters or cords seem more favorable than the differentiated duct in providing for the rapid regeneration or development of the duct-system. In the terminal portion, a histological determination of the three types of cells described in the development of the gland proved difficult during the regeneration process. However, like the three types of cells in the terminal tuble, immature acinar cells proliferated after the duct-system had grown to some extent. This polif eration seemed to be useful for rapidly filling the space held by the duct-system, which resulted in a rapid recovery of the structure and function of the lobule.
In conclusion, the present study has clarified the 
